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Oncocytomas of the adrenal cortex are usually benign and nonfunctional, consisting of oncocytes in
which the cytoplasm becomes eosinophilic due to the accumulation of abnormal mitochondria. Onco-
cytomas can exist in many organs and are frequently found in the salivary gland, kidneys, thyroid gland,
parathyroid gland, and hypophysis. Functioning oncocytomas are very rarely observed in children, and
no more than ten cases have been reported in the literature. Here, we present the ﬁrst report of lapa-
roscopic excision of an aldosterone-secreting adrenocortical oncocytoma in a child.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Oncocytoma is a tumor composed of oncocytes, which are large
cells with excess cytoplasm. Oncocytomas are generally detected in
the kidneys, thyroid, pituitary, parathyroid, and salivary glands.
Adrenal oncocytomas are extremely rare and typically nonfunc-
tional [1]. To our knowledge, no more than six pediatric cases of
adrenocortical oncocytoma have been reported in the literature.
This is the ﬁrst report describing laparoscopic excision of an adre-
nocortical oncocytoma in a child.1. Case report
An eleven-year-old boy with metabolic alkalosis, polyuria,
polydipsia, and hypokalemia was transferred to our clinic after a
mass was found on his adrenal gland. The patient’s ﬁrst admission
to the Pediatric Emergency Department was one year ago with the
complaint of chest pain, which was determined to be dysrhythmiaBY-NC-ND license (http://
k, 5. Gazeteciler Sitesi, C-1
90 532 6464787.
nel).
Published by Elsevier Inc. All rightand myocardial dysfunction due to hypokalemia (K:1.6 meq/l).
During his follow-up in the Pediatric Nephrology Clinic, the patient
presented metabolic alkalosis, polyuria (8 lt/day), polydipsia and
hypokalemia. His aldosterone level was found to be elevated
(440 pg/ml), while his renin level was low. Results from abdominal
ultrasonography (US) were normal. He was diagnosed as having a
variant of Gitelman syndrome and discharged with oral potassium
and magnesium supplementation. After 10 months of follow-up,
repeated US revealed a well-circumscribed solid lesion with a
4.5 cm diameter in the right suprarenal region. Magnetic resonance
imaging also showed a lesion with similar size, which was hypo-
intense on T1, hyperintense on T2, and showed contrast enhance-
ment after IV infusion, in the right adrenal area (Fig.1). The patient’s
kidneys appeared normal. Biochemical examinations for differen-
tial diagnosis revealed normal levels of Vanillylmandelic acid
(VMA), neuron-speciﬁc enolase (NSE), metanephrine, normeta-
nephrine, norepinephrine, and dopamine in 24-h urine samples
and normal levels of 17 alpha-hydroxyprogesterone, norepineph-
rine, epinephrine, and dopamine in the serum. The patient was
polyuric and hypokalemic despite a very high dose (80 mEq/day) of
oral potassium replacement. Hypertension (120/80 mm Hg) was a
new ﬁnding. In regard to family history, the patient’s father had
died due to urinary tract carcinoma.s reserved.
Fig. 1. Magnetic resonance imaging showing a well-circumscribed solid lesion, 4.5 cm
in diameter, in the right adrenal area.
Fig. 3. Microscopic ﬁndings of the lesion, showing tumor cells that contain abundant
mitochondria.
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sition using 4 trocars and an endobag. The mass was a large,
rounded, well-circumscribed, reddish, and solid mass in the right
adrenal region (Fig. 2), which was encapsulated and dissected from
the environmental perirenal fat and from the superior of the kidney.
Macroscopic inspection during pathologic examination described
the mass as yellowish and soft, measuring 4.5  3.5  2.5 cm in
diameter and 60 g in weight. On microscopic examination,
neoplastic tissue was present as insular and trabecular structures in
a thin vascular stroma, separated with a thin ﬁbrous capsule from
the surrounding tissue. The cells in this tissue were composed of
large, pink, granular, eosinophilic cytoplasm and a pyknotic nucleus
with thin chromatin structures. The tumor cells contained abun-
dant mitochondria. Myxoid deposits, lipodization, and ﬁbrosis wereFig. 2. Macroscopic appearance of the large, rounded, well-circumscribed, reddish, and
solid mass in the right adrenal region.observed in the stroma. Immunohistochemical analyzes revealed
positive staining for antimitochondrial antigen and S-100 (Fig. 3).
After the operation, the patient’s polyuria and hypokalemia
resolved, and his aldosterone level returned to normal. As a result,
the patient’s diagnosis was changed to paraneoplastic syndrome
due to adrenal oncocytoma. No recurrence of symptoms or
metastasis developed during one year of follow-up.
2. Discussion
The term oncocytoma describes a tumor composed of oncocytes,
which are cells with abundant and granular eosinophilic cytoplasm
due to the accumulation of mitochondria and a central pyknotic
nucleus. Adrenal oncocytomas are extremely rare; no more than
150 cases have been reported, and almost all of these were located
in the cortex. These tumors are commonly described as benign and
nonfunctioning. Although oncocytomas are usually benign, 20% of
cases are found to be malignant. In addition, oncocytomas are
generally non-secreting tumors, although rare secreting tumors
(17%) are associated with virilization and pseudopuberty [1]. Six
pediatric hormone-secreting adrenocortical oncocytomas have
been reported in the literature. In this paper, we report the ﬁrst
pediatric case of adrenocortical oncocytoma, which was charac-
terized by hyperaldosteronism and excised laparoscopically.
The differentiation of benign from malign lesions is a major
clinical problem for oncocytomas. In 2004, Bisceglia et al. devel-
oped the Lin-Weis-Bisceglia criteria for assessing malignancy po-
tential [2]. With this approach, the existence of one or more major
criteria deﬁnes the tumor as malignant; the existence of one or
more minor criteria deﬁnes the tumor as borderline; and the
absence of all criteria classiﬁes the tumor as benign. In our patient,
none of the criteria were present; therefore, we evaluated the tu-
mor as benign.
Gumy-Pause et al. reported the ﬁrst pediatric oncocytoma in a
12-year-old girl who presented with fatigue, headaches, abdominal
pain, acne vulgaris, and elevated androstenedione and total
testosterone levels [3]. These authors performed left adrenalectomy
for the patient and reported complete excision as the most
important criterion for prognosis.
Oncocytomas are usually non-secreting tumors. However, Lim
et al. reported the case of a 14-year-old girl with a functioning
adrenocortical oncocytoma who presented with virilization and
high testosterone and dehydroepiandrostenedione sulfate (DHEA-
S) levels. These authors classiﬁed this lesion as borderline [4].
Tahar et al. reported a 6-year-old girl with right adrenal onco-
cytoma who presented with high estradiol levels causing
Table 1
Reports of functional adrenocortical oncocytomas in pediatric patients in the literature.
Author Year Age G Symptoms Hormone Op
1 Gumy-Pause F 2006 12 F Fatigue
Headache
Acne Vulgaris
Androstenedione O
2 Tahar GT 2008 6 F Pseudoprecocious puberty Estradiol O
3 Lim YJ 2010 14 F Deepening in voice Excessive hair DHEA-S
Testosterone
O
4 Subbiah S 2013 3.5 F Premature pubarche, Cliteromegaly DHEA-S
Testosterone
O
5 Kawahara Y 2014 11 F Fever
Weight loss
Increased inﬂammatory markers
IL-6 O
6 Yoon JH 2014 10 F Precocious puberty Androstenedione Testosterone O
7 Akin M 2014 11 M Polyurea
Polydipsia
Hypokalemia
Metabolic alkalosis
Aldosterone L
G, gender; Op, Operation; O, open adrenalectomy; L, Laparoscopic adrenalectomy.
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thors classiﬁed her tumor as benign.
Subbiah et al. reported a functional oncocytoma in a 3.5-year-old
female child presenting with pubertas precox, cliteromegaly, and
increased serum DHEA-S and testosterone levels. She was managed
with a right adrenalectomy [6].
Recently, Kawahara et al. reported an interleulin-6 (IL-6)-pro-
ducing adrenocortical oncocytoma in an 11-year-old girl who pre-
sentedwith fever, weight loss, and increased levels of inﬂammatory
markers. After complete resection, the inﬂammatory markers
returned to normal levels [7].
Table 1 summarizes the available literature on functional adre-
nocortical oncocytomas in pediatric patients.
This report represents the sixth case of pediatric adrenocortical
oncocytoma and the ﬁrst to be characterized with the hyperse-
cretion of aldosterone. Unlike previously reported cases, the pres-
ence of hyperaldesteronism was responsible for the patient’s
potassium loss, metabolic alkalosis, and polyuria. However, this
new feature also led to misdiagnosis and mistreatment of this pa-
thology as Gitelman syndrome for one year. After laparoscopic
excision of the tumor, hypokalemia improved rapidly, and water
loss was recovered gradually.
The treatment for secreting tumors is complete surgical exci-
sion. The laparoscopic approach to adrenal masses has gained
acceptance, especially when the preoperative CT and MRI ﬁndings
reveal awell-encapsulated tumor, with no evidence of invasion into
surrounding tissue and no regional lymphadenopathy. In theTable 2
Adrenal cortical oncocytomas in the literature that are laparoscopically approached.
Author Year Age G Sy
1 Modi P 2007 21 F M
2 Tian XJ 2008 37 F Pa
He
Di
3 Eldahshan S 2008 39 F Ri
4 Kiriakopoulos A 2011 49 M M
5 Kekis P 2012 34 M Ri
6 Son SH 2014 53 M Cu
Re
7 Akin M 2014 11 M Po
Po
Hy
M
G, gender.literature, there are many reports of laparoscopic excision of adre-
nocortical oncocytomas; however, there are only ﬁve reports of
laparoscopic excision of an adrenocortical oncocytoma (Table 2).
Modi et al. reported the ﬁrst partial laparoscopic adrenalectomy for
retroperitoneal excision of a large adrenal oncocytoma in a young
woman with mild hypertension in 2007 [8]. Subsequently, Tian
et al. reported retroperitoneal laparoscopic excision of an oncocy-
toma of the adrenal gland of a 37-year-old woman with no history
of hypertension [9]. Eldahshan et al reported a 39 year old male
patient who underwent laparoscopic transperitoneal adrenalec-
tomy for adrenocortical oncocytoma oncocytoma with malignant
potential [10]. Kiriakopoulos reported the transperitoneal laparo-
scopic excision of an adrenal cortical tumor with histologic features
of an oncocytoma that clinically mimicked a pheochromocytoma
[11]. Finally, Kekis et al. presented the challenging case of a lapa-
roscopic approach to a large adrenocortical oncocytoma in a 34-
year-old woman, and these authors stressed the safety and feasi-
bility of laparoscopy in the surgical management of these extremely
rare adrenal tumors [12]. However, Son et al. reported recurrence in
a laparoscopically excised oncocytoma four years earlier in a 53-
year-old male, and these authors emphasized the importance of
long-term follow-up in laparoscopically excised cases [13].
3. Conclusion
This is the ﬁrst report describing the extraction of an adrenal
oncocytoma in a child. This case features the advantages ofmptoms Hormon Operation
ild hypertension Inactive Retroperitoneal
lpitation
adaches
zziness
Inactive Retroperitoneal
ght renal pain Inactive Transperitoneal
imicking pheochromacytoma VMA
Metanephrine
Transperitoneal
ght upper quadrant pain Inactive Transperitoneal
shing syndrome
currence
Cortizol Transperitoneal
(4 years ago)
lyurea
lydypsea
pocalemia
etabolic alcalosis
Aldosteron Transperitoneal
M. Akin et al. / J Ped Surg Case Reports 2 (2014) 424e427 427laparoscopic surgery, including minimal invasion, quick recovery,
low postoperative discomfort, and short hospital stay. From our
experience, laparoscopic adrenalectomy can be performed safely
for these rare adrenal tumors in children.References
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